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ABOUT  THE  SERIES  SPECTRA  OF  THE  ELEMENTS  OXYGEN,  SULFUR,  AND  SELENIUM 
by  C.  Runge  and  F.  Paschen 


INTRODUCTION 

Since  the  investigations  of  Plucker  and  Hittorf  it  has  been  known  that 

the  discharge  of  electricity  in  a  gas  will  produce  different  spectra, 

depending  on  the  kind  of  gas  present  and  on  its  pressure.  Plucker  and 

Hottorf  observed  continuous  band  spectra  in  a  series  of  gases  exposed  to  the 

discharges  of  an  induction  apparatus.  When  a  Leyden  jar  and  a  spark  gap 

were  connected  to  the  circuit,  the  continuous  band  spectrum  vanished  and 

gave  way  to  a  line  spectrum.  Schuster'*',  working  with  oxygen,  demonstrated 

that  under  the  conditions  which  produce  continuous  band  spectra  with  the 

gases  investigated  by  Plucker  and  Hittorf,  oxygen  produces  a  line  spectrum 

in  addition  to  the  continuous  band  spectrum  visible  in  the  vicinity  of  the 

cathode.  Both  the  line  spectrum  and  the  continuous  band  spectrum  vanish  and 

give  way  to  a  new  line  spectrum  when  a  Leyden  jar  and  a  spark  gap  are 

connected  to  the  circuit.  Schuster  -.tamed  the  first  line  spectrum  the 

"compound'  line  snectrum  of  oxygen  and  ooserved  that  it  consisted  of  four 

2 

lines.  Paalzow  and  H.  W.  Vogel  made  a  more  thorough  investigation  of  this 

"compound"  line  spectrum,  albeit  using  a  smaller  dispersion.  Until  now,  the 

most  complete  investigation  of  the  compound  line  spectrum  has  been  that  of 
3 

Piazzi  Smyth  ,  whose  work,  it  appears,  has  attracted  too  little  notice.  His 
measurements  have  not  been  included  in  the  catalogue  of  the  British 
Association,  nor  in  the  Index  of  Spectra  compiled  by  Watts,  most  probably 
because  he  had  the  unfortunate  idea  of  using  the  English  inch  as  his  basic 
unit  of  measurement,  and  provided  us  only  with  a  drawing  of  the  spectrum 
from  which  only  the  reciprocal  values  of  the  wavelengths  as  expressed  in 
inches  can  be  deduced.  We  have  also  made  an  investigation  of  the  compound 
line  spectrum,  and  can  confirm  the  results  obtained  by  Piazzi  Smyth, 
expanding  and  confirming  them  in  several  respects.  At  the  same  time  we  have 
investigated  the  chemically  related  elements  sulfur  and  selenium  and  have 
found  that  under  certain  conditions  they  produce  a  spectrum  analogous  to  the 

compound  line  spectrum,  an  effect  which  to  our  knowledge  has  not  been  noted 
1)  S.'liustur,  I'iiii.  'i\.ui'.  ITll.  i'7'i. 

-)  I’aalzow  ii.  li.  \V.  Vostci.  W'it'il.  .'.mi.  i:!.  !~»i. 

:i)  I’taztti  Smyth.  Trail'.  K.lit:l>  ihn. 


previously.  It  is  worth  noting  that  these  spectral  lines,  some  of  them  quite 
strongly  marked,  have  somehow  escaped  detection  until  now;  at  the  same  time 
it  strikes  us  as  not  unlikely  that  some  of  the  lines  of  unknown  origin  that 
have  been  observed  in  the  sun  and  the  stars  can  be  linked  with  known  elements 
if  those  elements  can  be  made  to  luminesce  under  other  conditions. 

The  three  spectra  of  oxygen,  sulfur,  and  selenium  show  a  great  regularity 
of  structure.  The  lines  are  grouped  in  series  which  follow  the  laws  given  by 
Rydberg,  and  Kayser  and  Rvtnge.  A  comparison  of  the  three  spectra  with  one 
another  also  shows  a  marked  regularity.  As  the  atomic  weight  increases,  the 
spectrum,  on  the  whole,  moves  towards  larger  wavelengths,  a  pattern  similar 
to  that  observed  in  the  series  spectra  of  other  groups  of  chemically  related 
elements. 

§  1.  THE  APPARATUS 

Geissler  tubes  were  set  up  in  the  manner  described  in  our  investigation 

of  the  spectrum  of  helium.'*'  The  only  difference  was  that  the  tubes  remained 

connected  to  the  vacuum  pump  throughout  the  experiments.  We  did  not  affix 

the  tubes  in  such  a  manner  that  they  could  be  melted  off.  They  had  to  be 

constantly  handled,  heated,  emptied,  and  flushed  with  oxygen  if  one  wanted 

to  retain  a  sufficiently  bright  and  clear  spectrum.  The  light  emanating  from 

the  small  window  in  the  tube  was  focused  on  the  aperture  of  the  spectral 

apparatus  with  a  quartz  lens.  In  addition  to  a  small  pocket  spectroscope, 

used  to  control  the  operation  of  the  tubes,  we  used  a  small  Rowland-type 

2 

concave  grid  with  a  radius  of  curvature  of  1  meter,  with  a  4  X  8  cm  grooved 

surface  having  ca.  600  grooves/mm,  as  well  as  a  larger  Rowland-type  concave 

2 

grid  having  a  radius  of  curvature  of  6.5  meters,  5  X  15  cm  grooved  surface 
and  ca.  800  grooves/mm.  The  Geissler  tubes  were  connected  to  the  vacuum 
pump  by  a  vertical  cutoff,  enabling  us  to  turn  the  tubes  on  a  vertical  axis 
without  disturbing  the  vacuum.  This  gave  us  a  choice  of  spectra  through 
either  the  smaller  grid  or  the  larger  one.  For  this  purpose,  the  centers  of 
curvature,  the  aperture,  and  the  grids  were  all  set  up  on  a  single  plane. 

The  smaller  of  the  concave  grids  gave  a  significantly  brighter  spectrum  than 
the  larger  concave  grid,  but  it  had  only  2/17  of  the  larger  grid's  dispersion. 
1;  Ullage  u.  Paschcn,  Asirophya.  Journ.  Jan.  IsPG. 
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With  the  smaller  grid,  we  obtained  17  angstroms/mm  in  the  first  order,  while 
the  larger  one  gave  us  close  to  two.  At  the  same  time,  the  smaller  dispersion 
is  by  no  means  a  disadvantage  for  many  purposes,  since  it  allows  a  rapid 
overview  of  the  entire  spectrum.  We  did  not  set  up  the  grids  according  to 
Rowland's  specifications.  In  particular  for  the  smaller  grid  a  different 
setup  proved  more  suitable.  The  aperture  and  the  grid  were  placed  in  a  fixed 
position  on  a  mirror  glass  plate  blackened  with  lamp-black.  When  the  aperture 
lies  on  a  circle  drawn  around  the  focus  of  the  convex  mirror  formed  by  the 
grid  at  a  distance  of  half  the  radius  of  curvature,  the  spectrum  is  found  on 
the  same  circle.  There  we  prepared  a  solid  wooden  frame  onto  which  a 
Schleussner-type  photographic  film  was  attached  by  means  of  rubber  bands.  The 
wooden  frame  was  bent  in  such  a  manner  and  affixed  to  the  glass  plate  so  that 
the  whole  spectrum  was  correctly  projected  onto  the  film.  A  cover  constructed 
of  wood  and  cardboard  and  set  over  the  entire  apparatus  guarded  against 
outside  light.  This  setup  is  also  to  be  recommended  for  direct  visual 
observations.  We  placed  a  scale,  calibrated  mechnically  and  copied  onto 
photographic  paper  with  intervals  of  10  angstroms  marked,  on  the  wooden  frame. 
The  edge  of  this  strip  of  paper  could  be  pushed  into  the  spectrum,  enabling 
the  observer  to  read  the  wavelengths  of  the  spectrum  rapidly  within  an 
accuracy  of  about  one  or  two  angstroms.  For  some  observations  speed  is  more 
vital  than  accuracy,  such  as  when  the  spectrum  is  changing  rapidly  and  one 
desires  to  know  which  lines  appear  simultaneously.  The  whole  spectrum  was 
not  longer  than  25  cm,  so  that  it  was  not  necessary  to  leave  one's  seat  in 
order  to  survey  the  entire  spectrum  at  a  glance.  This  setup  is  also  suited 
for  exact  visual  measurements.  For  this  we  affixed  a  microscope  with  weak 
magnification  to  the  runners  of  an  Abbe-type  comparator,  the  microscope 
being  equipped  with  crosshairs.  One  could  then  read  off  the  displacement 
of  the  microscope  on  the  comparator  scale  when  the  crosshairs  were  centered 
on  a  given  spectral  line.  One  could  then  interpolate  from  the  wavelengths 
of  known  spectral  lines  the  wavelengths  of  unknown  spectral  lines  lying 
between  them.  We  used  this  technique  to  measure  the  red  lines  of  our  spectra. 
Photographic  measurements  in  this  case  would  not  have  been  practical,  due  to 
the  weak  sensitivity  of  the  photographic  emulsions  sensitive  to  red.  For 
purposes  of  comparison  we  used,  in  part. 
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the  red  lines  of  the  solar  spectrum  as  measured  by  Rowland,  and  in  part 
lines  from  the  spectra  of  oxygen  and  argon  which  had  been  calibrated 
against  the  solar  lines.  For  the  red  portion  of  the  spectrum,  the 
spectrum  of  argon  is  especially  useful  for  purposes  of  comparison,  since 
it  contains  an  adequate  number  of  bright  red  lines.  Of  course  one  must 
first  make  an  exact  measurement  of  the  argon  lines;  the  extant  figures 
supplied  by  Crookes,  Kayser,  Eder,  and  Valenta  are  not  exact  enough  in 
this  part  of  the  spectrum.  We  will  publish  our  measurements  of  the  argon 
lines  in  a  separate  monograph.  For  the  large  grid,  we  also  have  used  a 
setup  that  reduced  dispersion  by  about  one  half.  A  six-inch  refractor 
belonging  to  the  Geodetic  Institute  of  the  Polytechnic  School  was  set  up 
so  that  the  aperture  coincided  with  the  crosshairs,  and  the  light  coming 
through  the  aperture  fell  parallel  on  the  concave  grid.  The  spectrum  then 
lies  on  a  circle  the  diameter  of  which  is  equal  to  the  line  connecting  the 
grid  with  its  focal  point.  This  increases  the  brightness  by  a  factor  of 
four,  and  gives  the  advantage  that  in  the  vicinity  of  the  focal  point  the 
image  of  the  aperture  is,  as  is  shown  by  the  theory  of  grids,  not  astigmatic, 
and  thus  the  imperfections  of  the  aperture  and  of  its  adjustments  are 
obviated.  This  setup  is  recommended  for  laboratories  where  lack  of  space 
makes  a  Rowland-type  arrangement  with  a  large  grid  impracticable.  In  our 
method,  the  room  need  be  no  larger  than  4  meters  in  length.  In  order  to 
obtain  the  greatest  possible  brightness  in  visual  observations,  we  have 
used  a  cylindrical  lens  as  magnifying  glass,  by  setting  its  axis  parallel 
to  the  lines.  This  way  magnification  is  limited  to  the  direction  of  the 
spectrum,  which  after  all  is  the  main  consideration,  and  not  in  the  direction 
of  the  lines,  and  more  light  is  concentrated  on  a  given  area  of  the 
retina  than  if  one  magnified  in  both  directions.  Naturally  this  is  only 
applicable  when  the  lightrays  projected  from  one  point  on  the  line  do  not 
fill  the  pupil  of  the  eye  in  a  vertical  direction.  In  the  case  of  the 
large  grid,  however,  they  are  far  from  meeting  this  condition.  The  grooves 
are  5  cm  long,  and  without  the  refractor  the  spectrum  is  ca.  650  cm  removed 
from  the  grid,  while  with  the  refractor  this  distance  is  reduced  to  325  cm. 
The  angle  formed  by  the  rays  from  one  point  on  the  line  is  equal  to  1:130 


»  - -r-.  -  *  - - = 


or  1:65.  When  an  ordinary  magnifying  lens  is  used,  e.  g.  one  having  a  focal 
length  of  3  cm,  the  lightrays  from  a  given  point  on  a  spectral  line  will  have 
a  circular  diameter  of  0.23  mm  or  0.46  mm  when  they  reach  the  pupil  of  the 
observer's  eye,  while  the  pupil  itself  measures  2  -  4  mm  in  diameter. 

§  2.  THE  COMPOUND  LINE  SPECTRUM  OF  OXYGEN 

In  order  to  obtain  the  purest  possible  spectrum  for  oxygen,  we  employed 
the  methods  described  by  Paalzow  and  H.  W.  Vogel. ^  Using  a  U-shaped  curved 
tube,  we  connected  both  arms  of  the  tube  to  a  mercury  vacuum  pump.  We  filled 
the  tube  with  concentrated  H2S0^  anc*  inserted  platinugi  wire  electrodes  which 
then  were  used  to  generate  hydrogen  in  one  arm  and  oxygen  in  the  other  by 
running  a  current  through  the  apparatus.  From  the  one  arm  of  the  U-shaped 
tube  the  gas  was  sucked  directly  into  the  vacuum  pump,  while  the  gas  from  the 
other  arm  first  passed  through  a  Geissler  tube,  then  through  a  U-shaped  bend 
in  the  tube  filled  with  a  solution  of  potassium  bichromate  in  concentrated 
H^SO^  and  then  passed  into  the  tube  connecting  the  other  arm  to  the  pump  (see 
illustration  1) .  The  chromic  acid  has  the  purpose  of  keeping  carbon  compounds 
from  valve  lubricants  away  from  the  Geissler  tube.  By  this  means  it  is  not 
difficult  to  avoid  the  carbon  oxide  bands  that  so  easily  form  in  the  spectrum 
of  a  Geissler  tube.  When  the  tube  is  heated  with  a  Bunsen  burner  and  a  stream 
of  oxygen  is  passed  through  it,  with  the  pump  operating  continuously,  the  tube 
will  show  a  pure  oxygen  spectrum;  only  the  hydrogen  lines  H,*,  H^,  Hjj,  etc. 
remain,  and  we  have  made  no  effort  to  remove  them.  Mercury  lines  also  appear 
easily,  as  do  the  sodium  lines  and  when  the  capillary  becomes  hot.  All 


these  lines  are  normal  and  desirable. 

In  other  parts  of  the  tube,  the  bands 
observed  by  Schuster  were  visible,  and 
a  whole  series  of  the  lines  of  the 
spark  spectrum,  even  though  no  Leyden 
jar  or  spark  gap  had  been  connected 
to  the  circuit.  In  the  capillaries 
the  lines  of  the  compound  line 
spectrum  appeared. 

li  I'aalzow  'I.  H.  \V.  Vogel.  Wio-i.  Ann.  15.  p.  :3*?.  1351. 
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Wh«n  a  Leyden  jar  and  a  spark  gap  ara  switchad  into  tha  circuit,  tha  lints 
of  tha  compound  lint  spactrum  dim  and  bacoma  lass  distinct.  Simultantously 
tha  lints  of  the  spark  spactrum  appear  much  more  strongly  in  tha  capillaries, 
while  tha  bands  vanish.  Tha  wavelengths  of  tha  compound  line  spactrum  ara: 
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KEY  TO  TABLES  ON  pp,  6-7: 

A  Wavelength  related  to 
Rowland's  norms 
JS  Mean  error1^ 

C.  Mo.  of  observations 
D  Remarks 


a  measured  against  Deslandres  iron  norm. . . 
b_  measured  against  Schuster  iron  norm. . . 

£  in  three  exposures  the  two  lines  couldn't  be  differentiated;  in  these 
the  mean  is  calculated  at  4654.66,  the  mean  error  at  0.05 
d  in  four  exposures  the  two  lines  could  not  be  differentiated;  in  these 
the  mean  is  calculated  at  4772.96,  the  mean  error  at  0.015 
e  not  separated  in  three  exposures;  mean  4802.29,  mean  error  0.08 
f,  measured  against  Plazzl  Smyth  iron  norm... 

£  indistinct 

h  against  iron  norms;  a  weak  companion  found  on  side  of  smaller  wavelengths 
1  against  argon  lines 
X  against  argon  lines  and  solar  lines 

k  the  mean  error  of  the  mean  is  0.015;  the  distance  between  the  two  lines  is 
less,  precisely  because  it  was  hard  to  see  them  when  the  aperture  was  set 
sufficiently  narrow  to  separate  them 
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1)  The  figures  given  here  for  mean  error  are  not  very  meaningful  in  cases 
where  the  number  of  observations  is  small,  since  it  is  possible  that  in 
a  small  number  of  observations  the  deviation  from  the  mean  can  also  be 
quite  small.  Nevertheless  we  thought  it  right  to  include  the  mean  error 
since  when  taken  as  part  of  the  whole  picture,  they  give  an  objective 
representation  of  the  accuracy  of  the  results  obtained. 

2)  These  measurements  are  not  in  relation  to  Rowland’s  norm.  Were  that  the 
assumed  norm,  our  figures  would  increase  by  a  factor  of  1:7000. 

3)  The  mean  error  for  these  lines  is  derived  from  a  comparison  of 
measurements  taken  from  photographic  exposures  made  using  the  smaller 
grid,  where  the  three  components  do  not  appear  separately.  The  intervals 
between  the  components  were  determined  by  using  the  larger  grid.  The  mean 
error,  therefore,  refers  to  the  point  of  greatest  intensity  of  the  three 
merged  lines.  This  was  found  by  reference  to  iron  norms  at  3947.572. 

The  wavelengths  of  the  three  components  were  then  determined  in  such  a 
way  that  they  would  show  the  intervals  measured  by  using  the  larger  grid, 
with  their  center  of  gravity  lying  at  3947.572  when  the  strongest  line 
was  counted  four  times,  the  second  strongest  twice,  and  the  weakest  line 
counted  once.  To  a  point  this  is  an  arbitrary  assumption.  It  is  quite 
possible  that  the  point  of  greatest  intensity  is  determined  primarily 
by  the  first  line.  In  that  case  all  three  components  should  have  larger 
wavelengths. 

4)  d  means  doubled. 


The  triple  red  line  at  777  was  determined  by  reference  to  iron  lines  of 
the  second  order.  Since  these  could  not  be  conpared  visually,  we  attached 
a  number  of  fine  wires  to  the  camera  in  positions  on  either  side  of  the 
red  line  and  parallel  to  it,  measured  the  position  of  the  triple  red  line 
in  relation  to  the  wires,  and  then  determined  the  position  of  the  wires 
relative  to  the  iron  lines  of  the  second  order  by  making  photographic  exposures 
of  the  iron  spectrum  preceding  and  following  the  oxygen  observations. 
During  the  procedure  the  wires  were  placed  next  to  but  not  touching  the 
photographic  plate  itself.  By  comparing  exposures  taken  before  and  after 
the  experiment,  we  were  able  to  assure  ourselves  that  the  position  of  the 
vires  had  net  been  disturbed.  In  addition  to  the  lines  listed  in  our  table 
we  also  observed  some  others  wnicn  we  take  to  be  oxygen  lines  of  the  compound 
spectrum.  These,  however,  were  read  only  from  the  paper  scale,  and 
are  accurate  only  within  one  or  two  angstroms: 

6107  int.  2  Piazzi  Smyth  6103 
7157  int.  1 
7454  int.  1 

The  measurements  by  Piazzi  Smyth  listed  in  our  table  are  taken  from  his 

drawing*  and  converted  to  Rowland's  scale,  by  which  means  we  brought 

Smyth's  figures  for  D^,  and  D9  into  the  best  attainable  correspondence 

with  Rowland's  figures.  His  measurements  when  taken  as  an  absolute  indication 

are  by  no  means  remarkable.  Taken  as  a  relative  indication,  they 

are  very  good  indeed  for  his  time.  A  few  weak  lines  on  Smyth's  list,  which 

we  have  not  found  in  our  observations  and  which  we  assume  are  not  oxygen 

lines,  have  been  excluded  from  our  table.  Piazzi  Smyth  was  the  first  to 

have  observed  and  measured  three  times  the  lines  observed  by  Schuster, 

and  he  was  the  first  to  have  discovered  three  additional  lines  of  the  same 

structure.  It  also  did  not  escape  his  attention  that  these  six  triplets 

2 

are  not  only  of  the  same  structurs v  which  characterizes  them,  but  also 
that  they  form  a  regular  system  when  taken  as  a  whole.  Had  the  laws  of 
series  been  known  at  that  time,  he  would  have  recognized  that  the  oxygen 
triplets  form  two  subseries  converging  on  a  single  point.  In  each  instance 

1)  Piazzi  Smyth.  Trans. of  :be  Roy.  Soc.  of  Edinburgh  K.  1-^*- 

2)  Piazzi  Smyth  fact  sehr  richtic  The  chzracteriirics  oi  u 
Oxygen  triplet  are  *o  peculiar  awl  ro  closely  adhered  to  in  every  uv 
stance,  that  -1  hare  been  sbie  in  iotnc  tubes  smarming  with  linei  yX 
impurities  to  pick  ont  an  Oxygen  tripiet  as  easily  as  vac  would  ul* 
atinguish  in  a  crowd  of  civilians,  a  soldier  with  cro=a  belts  ac  1  scarict  cost- 


he  takes  one  triplet  of  a  series  with  a  triplet  from  the  other  series  and 
observes  that  they  converge,  pair  to  pair.^ 

NOTE  1)  As  we  were  in  the  final  stages  of  our  work,  Schuster  informed  us  by 
letter  that  he  had  found  that  the  six  triplets  (also  observed  by 
Piazzi  Smyth)  form  two  subseries,  for  which  he  had  calculated 
formulas . 

We  were  also  able  to  follow  one  of  the  series  further  through  three  additional 
triplets,  for  which  further  details  are  supplied  below. 

The  triplet  in  the  extremity  of  red  at  777  was  also  discovered  by  Piazzi 

Smyth,  but  he  did  not  separate  it.  When  one  considers  the  lack  of  sensitivity 

of  the  human  eye  for  this  portion  of  the  spectrum,  one  arrives  at  the  surmise 

that  this  triplet  must  have  a  relatively  high  intensity.  Probably  it  contains 

by  far  the  strongest  lines  of  the  compound  line  spectrum.  This  triplet  is 

especially  interesting  since  since  its  three  lines,  as  far  as  can  be  judged, 

2 

occur  with  the  same  relative  intensities  among  the  Fraunhofer  lines.  In 
Higg's  Atlas  of  the  Solar  Spectrum,  these  lines  lie  at  7772.20,  7774.43,  and 
7775.62,  of  which  the  first  line  is  the  strongest  and  the  last  the  weakest. 

The  deviations  from  our  measurements  are  within  the  range  of  observational 
error.  It  must  be  taken  into  consideration  that  in  our  observations  the 
mean  of  the  two  weaker  components  is  much  better  determined  than  is  their 
interval,  since  it  was  difficult  to  see  them  with  the  narrow  aperture,  while 
they  merged  with  the  larger  aperture.  The  mean  of  the  two  components  is 
7775.14  and  corresponds  well  with  the  mean  7775.02  of  the  lines  of  Higg's 
atlas.  Schuster  and  Piazzi  Smyth  already  observed  that  the  lines  of  the 
compound  line  spectrum  occur  among  Fraunhofer's  lines.  But  their  data  were 
not  exact  enough  to  allow  for  firm  conclusions.  Now  Rowland  has  made  such 
exact  measurements  of  Fraunhofer's  lines  that  we  had  to  demonstrate  each  of 
the  components  of  our  triplets  individually  among  them.  This  showed  that 
the  other  oxygen  lines,  according  to  our  measurements,  could  not  be  found 
among  Fraunhofer's  lines,  or  could  not  be  demonstrated  with  certainty.  The 
Fraunhofer  lines  with  which  they  could  be  identical  were,  when  found,  so  weak 
and  surrounded  so  thickly  by  other  weak  Fraunhofer  lines  that  a  correspondence 

within  the  limits  of  observational  error  is  meaningless.  In  the  following 

2)  Vgl.  Rungu  u.  Paachen,  Osvgen  in  ilia  =un  Astro* 'u-si.-al 
Journal  4.  Dec.  1SU6. 


table  we  list  the  strongest  of  the  oxygen  lines  alongside  Rowland's1-' 
measurements  of  the  adjacent  Fraunhofer  lines  and  chose  of  the  chromosphere* 
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Astro  physici^  Journ.  1 — *». 


2)  Cf.  Note  1,  p.  647  (p,  8  of  translation) 

3)  Cf.  Note  3,  p.  647  (p.  8  of  translation) 


KEY  TO  TABLES  ON  pp.  11-12: 

A  oxygen  lines 
ji  mean  error 
C  intensity 
D  Fraunhofer  lines 
E  intensity 
F  element 

G  lines  of  the  chromosphere 
H  frequency 
_I  intensity 
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After  777  the  strongest  lines  are  the  lines  of  the  triplets  at  3947 
and  at  616,  and  the  line  at  4368.  These  in  fact  come  quite  close  to 
Fraunhofer  lines.  We  would  especially  like  to  point  out  the  triplet  at 
3947  which,  as  we  will  see,  belongs  to  one  series  with  777.  According  to 
this  the  middle  line  would  be  masked  by  an  iron  line.  The  two  others, 
however,  are  somewhat  stronger  Fraunhofer  lines  with  the  right  intensity 
relationships  and  of  hitherto  unknown  origins.  By  far  the  strongest  evidence 
for  a  coincidence  with  Fraunhofer’s  lines  exists  with  the  three  lines  at  the 
extremity  of  red,  because  heere  the  density  of  the  lines  is  less,  and  thus 
a  coincidence  is  far  more  significant. 

Jewell'*'  has  investigated  these  three  Fraunhofer  lines  as  to  their 
terrestrial  origin  and  has  found  that  they  increase  in  intensity  as  the  sun 
nears  the  horizon,  and  that  their  intensities  show  a  greater  variability  than 
those  of  the  oxygen  band  A.  From  this  Jewell  concludes  that  the  Fraunhofer 
lines  have  their  origin  in  water  vapor  in  the  atmosphere.  It  follows  that 
their  correspondence  with  oxygen  lines  must  be  accidental.  We  do  not  agree 
with  this  conclusion,  since  it  seems  improbable  that  both  wavelengths  and 
intensities  in  this  relatively  unpopulated  area  of  the  spectrum  should 
coincide  by  sheer  accident.  There  is  also  a  further  argument.  As  is  shown 
below,  the  oxygen  spectrum  reveals  definite  regularities  according  to  which 
we  can  predict  certain  values  for  the  wavelength  differences  among  the  red 
oxygen  lines.  Now,  Higg's  photographs  show  the  three  Fraunhofer  lines  with 
greater  accuracy  than  could  be  achieved  in  our  own  measurements  of  the  red 
lines,  and  the  differences  in  the  wavelengths  of  the  Fraunhofer  lines  agree 
even  better  with  the  predicted  values  than  do  the  measurements  made  on  oxygen 
itself.  It  follows  from  these  observations  that  1.)  the  lines  of  the  solar 
spectrum  are  identical  with  the  oxygen  lines  measured  by  us,  and  therefore 
2.)  that  they  cannot  be  lines  produced  by  water  vapor  in  the  atmosphere. 
Jewell's  observations  show  clearly  that  the  lines  of  the  solar  spectrum  are 
of  terrestrial  origin,  but  the  proof  that  they  are,  in  fact,  produced  by 
atmospheric  water  vapor  seems  far  from  clear  to  us.  Thus  we  have  no  choice 
but  to  assume  that  the  lines  of  the  solar  spectrum  have  their  origin  in  the 
absorption  of  atmospheric  oxygen,  and  that  we  are  faced  with  the  remarkable 


l!  Jewell,  Astrophysic.il  Journ.  5.  Febr.  189". 
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case  in  point,  that  is  that  oxygen  in  Geissler's  tubes  also  emits  the  very 
s.'  me  lines . 

As  for  the  coincidences  with  lines  of  the  chromosphere,  no  conclusion 
can  be  reached.  I»»  Lhe  case  of  the  two  green  triplets,  the  strong  triplet 
at  616  should  also  appear  for  the  sake  of  the  continuity  of  the  series.  As 
long  as  this  is  not  observed,  the  other  coincidences  must  be  regarded  as 
accidental. 

§  3.  THE  SERIES  OF  THE  OXYGEN  SPECTRUM 

In  addition  to  the  six  triplets  observed  by  Piazzi  Smyth,  we  have  found 
seven  other  triplets  of  the  same  structure,  which  along  with  the  first  six 
form  two  series.  In  the  case  of  three  of  them  we  were  also  able  to  measure 
all  three  components;  in  the  case  of  the  weaker  triplets  the  weaker  components 
merged,  so  that  we  were  only  able  to  measure  the  strongest  component  and  the 
mean  formed  by  the  two  weaker  components.  The  differences  in  the  frequency 
numbers  of  the  three  components  of  each  triplet  are,  insofar  as  the  accuracy 
of  our  observations  allows  for  a  conclusion,  the  same  for  all  triplets.  In 
the  following  tanle,  the  reciprocal  values  of  the  wavelengths,  reduced  to  a 
vacuum,  are  indicated.  The  comma  [i.e.  decimal  point]  is  placed  in  such  a 
manner  that  these  reciprocal  values  are  equal  to  the  total  number  of 
oscillations  needed  by  the  lightwaves  to  traverse  the  distance  of  1  cm  in  a 
vacuum.  The  reduction  to  vacuum  values  is  according  to  the  method  described 
by  Kayser  and  Runge^  in  their  study  of  dispersion  in  air.  Although  this 
reduction  is  not  crucial  in  order  to  convince  oneself  of  the  constant  in  the 
frequency  differences,  it  is  desirable  for  some  of  the  calculations  that 
follow. 


1)  Kayset  i.  Ru=ge,  Abhanul.  «1.  Bed.  Akad.  i8i>3. 


15 


KEY  TO  THE  TABLE i 


T*»  j  •• 

, .  ■  «  •  *  »  M 

. .  . 

.  .»*•  *  1 

.  ii  ' 

:  :r.  . 

i*iW,b 

20  ;  4 

IT-4 

v  t  3>4.  i  o  V 

4*  *.■-■■: 

4  302.2; 

20*17.30 

•*4‘>3.t'O0 

;  4  " 

20*  19. 04 

i  »>  m  ViV/  a 

m  , 

477”;94 

U'  'P- 1  v..;  i 

2*1 

•M  ts.vas 

♦.*  1 ,  I  'J 

1  JS7..? 

•4  ,  i  . . 

20. •  !•*..;  2 
2u,.,4,:.t:': 

154 

■i  i;.T.v4 1 

I  v,  -T/!-?. 

iv'7:  .** 

213?9.*;:; 

.  ' 

IsV 

•  i,<l 

i •  i  . ,  •?  ! 

t  .  * 

2 135.;.  2  7 

V  t  •  > ,  k>  «  * 

•t  C'Oi.O'f 

2147:;. 33 

5320. s35 

16753.05 

4*3^4. » 4 

«  l*i  7  » %‘j  % 

1  V' 

5320.774 
wjy.  t»;u 

16757.:;.' 

137:9.34 

.  4 

4634.41 

4500.07 

21479.0') 

21730.17 

432 

5020.31 

19!)  13.63 

45c9,I6«l 

21784,49 

5019.52 

19916,7c 

O  ft  •! 

221 

4577.54 

21633.35 

415 

501  *.96 

19913,90 

4576,97(1 

21342,50 

4964,94 

20119,50 

4523,70 

22099.71 

366 

496c, 04 

20123,14 

137 

4522,95(1 

,  22103.37 

4967.58 

20125,01 

A  as  observed 
JB  1/  reduced  Co  value  In 
a  vacuum 
C  difference 


With  the  first  four  triplets,  the  intervals  between  the  components  could 
be  measured  by  use  of  the  larger  grid.  Thus  those  values  are  more  precise 
by  far  than  those  of  the  subsequent  triplets.  If  one  considers  only  the 
former,  the  following  mean  for  the  differences  is  obtained:  3.20  and  2.08. 
One  can  then  adjust  the  three  components  of  each  triplet  by  weighting  them 
in  such  a  way  that  the  above  differences  obtain,  even  as  their  center  of 
gravity  remains  the  same.^  The  second  column  in  the  table  below  indicates 
the  values  that  have  been  adjusted  according  to  this  method.  The  three 
components  are  weighted  3,  2,  and  1  respectively,  according  to  their  order 
of  Intensity,  which  gives  an  approximation  also  of  the  exactitude  of  the 
measurements . 


This  procedure  can  be  deduced  from  the  method  of  least  squares. 
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The  corrections  one  would  have  to  make  in  the  wavelengths  in  order  to 
bring  them  to  the  same  difference  values  lie  entirely  within  the  range  of 
possible  observational  error.  As  for  the  four  triplets  where  we  were  not 
able  to  measure  the  weaker  two  components  separately,  the  difference  for  the 
frequency  value  as  measured  for  the  strongest  component  and  the  arithmetic 
mean  of  the  two  weaker  ones  should  equal  4.74.  But  the  arithmetic  mean  of 
the  two  weaker  components  cannot  be  observed  when  they  appear  merged,  since 
the  observed  line  tends  towards  the  stronger  of  the  two.  One  can  estimate 
this  deviation  from  the  arithmetic  mean  by  comparing  measurements  taken  from 
photographic  exposures  where  the  weaker  components  of  the  other  triplet  have 
merged.  Here,  we  measure  the  following: 
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Measured  value 

4SU2.29 
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4054.'.*: 

40o4,53 
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J 

Difference 
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When  we  assume  that  the  wavelength  as  measured  is  also  ca.  0.0?  more 
than  the  arithmetic  mean  for  the  four  triplets  that  could  not  be  measured 
three  times,  then  the  frequency  number  which  corresponds  to  this  measured 
wavelength  must  be  ca.0-33  smaller.  If  the  frequency  difference  for  these 
triplets  is  also  constant,  then  we  can  expect  to  find  the  difference  between 
the  frequency  number  of  the  strongest  component  and  that  of  the  measured 
center  of  the  two  others  to  be  not  4.74  but  closer  to  4.41.  In  fact  that 
difference  was  found  to  be  4.35,  4.32,  4.15,  and  3.66,  meaning  only  0.06, 
0.09,  0.26,  and  0.75  less  than  was  expected.  Thus  the  correction  for  a 
uniform  frequency  difference  can  be  made  by  adjusting  the  values  for  each 
pair  by  0.03,  0.04,  0.13  and  0.38  respectively,  which  corresponds  to  a  shift 
in  wavelength  of  0.007,  0.008,  0.027,  and  0.078  angstroms.  For  the 
frequency  numbers  of  the  strongest  components  we  would  obtain  the  following: 

21389.59 

21780.13 

21838.22 

22099.33 
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IS 


% 


The  13  triplet  are,  as  Piazzi  Smyth  has  already 
noted  of  the  six  t  Lets  known  to  him,  distributed 
over  the  spectrum  in  a  regular  order.  They  form,  as 
is  shown  in  the  illustration  at  the  end  of  this 
monograph,  two  series  converging  on  the  same  point, 
similar  to  the  two  series  of  triplets  observed  by 
Kayser  and  Runge,^  in  the  spectra  of  magnesium, 
calcium,  strontium,  zince,  cadmium,  and  mercury. 

1)  Kayser  u.  Ruage,  Abhdl.  dor  Bed.  Akaii.  1591;  vgL  aui-h 
Rydberg,  Kongl.  svenska  veteaskups.  ukademieas  haudliugar.  -3.  Nr.  11. 
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ILLUSTRATION  2. 

Oxygen  triplet: 
3947.48/3947.66/3947.76 
Exposure  made  using 
large  grid  (enlarged) 


For  each  of  the  two  series  one  can  represent  the  frequency  numbers  with 

considerable  accuracy  in  the  format 

is  i  •  ,  ,  is 

j  —  .  —  --.-  or  also  as  -*  — ;  —  - 

where  A,  B,  C  are  constants  and  n  runs  through  the  values  3,  4,  5, . 

A  has  three  separate  values,  corresponding  to  the  three  components  of  the 
triplets,  the  differences  among  them  equal  to  the  constants  of  the  frequency 
differences  3.70  and  2.08,  while  B  and  C  have  only  one  value  each  for  each 
series  of  triplets.  B  in  any  case  has  values  which  do  not  vary  a  great  deal 
for  the  series  of  all  elements,  so  that  for  the  most  part  the  two  subseries 
are  differentiated  by  the  values  of  C.  — In  our  calculations,  we  have  to 
take  only  one  of  the  components  into  account,  e.  g.  the  strongest  one. 

Having  found  the  formula  for  representing  the  strongest  component,  then 
formulas  for  the  other  components  can  be  derived  from  it  by  simply  adding 
the  numbers  3.70  and  5.78  to  A.  At  the  same  time  one  can  demonstrate  that 
the  formulas  for  the  two  series  differ  mainly  by  the  value  of  the  constant 
C.  The  frequency  numbers  of  the  neighboring  triplets  of  the  two  series 

3 

result  in  differences  approximately  proportional  by  1/n 

Difference 


■ 1~S'± 


•  i 

<«  .%.» 


This  also  shows  that  the  forraau 


will  give  us  a  better  correspondence  than  the  format 

il*  21* 

The  frequency  numbers  of  the  stronger  series  are  represented  by  the  formulas. 


23207,93  —  11GJ37.7  —  4314  <(-■> 

23211.03  —  110337,7  h-2  —  4314  n-i 
23213,71  —  1 10387.7  w-2  —  4-*14  »~3 


1)  We  have  made  the  same  observation  regarding  the  formulas  for  the  series 
in  the  spectrum  of  helium. 
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the  weaker  series  la  represented  by  cha  formulas : 

23103.05  -  11)73(17,1  -  O.ltOrt  *»— 

2:1107.33  —  107.*.**7,l  (i-2  —  *«3k'j  ,i-  • 

23100, 43  -  1 1(73*17.1  /*-■’  -  *131(1-. • 

whara  n  runa  through  values  4,  5,  6,  Tha  valua  n  ■  3  still  glvaa  us 

poaitlva  fraquancy  numbers,  but  since  these  lie  within  the  Infrared  range, 


wa  ware  unable  to  make  any  observations.  The  constants  for  the  formulas  are 


calculated  by  tha  method  of  least  squares  from  tha  fraquancy  numbers  of  the 
strongest  components  of  each  triplet,  following  the  adjustment  of  values  to 
identical  frequency  differences.  In  this  we  assigned  the  same  weight  to  all 
frequency  numbers,  even  though  the  smaller  numbers  are  determined  with  far 


greater  accuracy.  It  is  especially  desirable  that  the  first  constant  of  the 


formula,  which  gives  the  point  from  which  the  series  originates,  be  determined 
as  exactly  as  possible.  The  constant  is,  in  any  case,  principally  determined 
by  the  highest  frequency  numbers.  Thus  it  is  useful  when  these  are  assigned 
a  greater  weight  than  would  be  warranted  by  their  accuracy.  In  the  tables  belo 


the  values  resulting  from  the  formulas  are  compared  with  the  observed  values: 
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KEY  TO  THE  TABLES  ON  pp.  19-20: 
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in  wavelength 
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The  first  constants  in 

the  formulas 

for  the 

two  series  diverge 

relatively  little 

from  each 

other.  The  < 

difference  is  14.08,  which  equals  a 

wavelength  difference  of  2, 

6  angstroms. 

From  this  one  can  safely  assume 

that  the  two  series  originate  at  the  same  point. 

Accordingly  they  are  called 

subseries,  following  the  nomenclature  adopted  by  Rydberg  and  by  Kayser  and 

Runge.  We  have  called  the 

stronger  series  the  1. 

subseries,  the  weaker 

series  Che  2.  subseries.  Rydberg  has  another  series  formula,  according  to 
which  the  frequency  number  equals 

.1  -  -r  II  ' 

If  one  assigns  suitable  values  to  the  three  constants  A,  B,/a,  one  can 
represent  the  frequency  numbers  with  a  degree  of  accuracy  not  substantially 
different  from  that  achieved  by  Kayser  and  Runge's  formula.  In  fact,  the 
difference  between  the  two  formulas  does  not  appear  significant,  provided 
one  thinks  of  Rydberg's  formula  as  developed  from  negative  powers  of  n. 

The  constant  U  can  always  be  taken  as  lying  between  -0.5  and  +0.5. 
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The  smaller  the  proportion  between  and  n,  the  more  one  can  neglect  the 
subsequent  members  of  the  series  as  against  the  first  ones.  We  have  also 
calculated  Rydberg's  formula  for  the  strongest  line  of  the  triplets,  and 
find: 


1.  Xcbenserie:  232u7.yd —  IU  .:»J  ■  —  u.v'-.-;  -- 

2.  :  2::2wmW — ioaoll.3  -  — 'V. -- 


KEY: 

1 .  subseries 

2.  subseries 


Deviations  of  the  calculated  values  from  observed  values  are  given  in 
angstroms:  _ _ 


subseries 

2 . subse 

—  IV.I2 

-r 

—  u  i»7 

—  0.15 

—  *>.03 

-r 

—  0,«I4 

-r 

—  O.oi 

-r  0.04 

*r  0. 

—  0.10 

—  0.02 

Both  formulas  approximate  observed  values  somewhat  better  than  do  the 
formulas  of  Kavser  and  Runge.  With  the  second  subseries  the  difference  is 
still  worth  noting,  but  with  the  first  subseries  it  is  negligible.  Another 
factor  favoring  Rydberg's  formula  is  that  the  first  constants  in  the  first 
and  second  subseries  converge  more  closely.  The  points  from  which  the  two 
series  originate  according  to  these  formulas  are  only  1.4  angstroms  apart, 
and  the  difference  between  the  two  constants  has  been  diminished. 

Rydberg  has  stated  his  expectation,  derived  by  analogy  from  the  series  of 
line-pairs  in  the  spectra  of  the  alkalis,  that  a  main  series  of  triplets 
accompanies  every  two  subseries  of  triplets,  and  that  the  frequency  numbers 
for  this  main  series  can  be  derived  from  the  formula  for  the  2.  subseries. ^ 

Yet,  until  now  this  main  series  has  not  been  noted  in  any  of  the  triplet 
spectra.  In  the  spectrum  of  oxygen,  however,  Rydberg's  prediction  has  been 

fulfilled  on  the  whole.  The  connection  is  as  follows:  given  that 

•  »»  »  _  *  *  •)  •) 

,  —  Ji  17?  T  •  *  %C  = 

constitute  the  formulas  for  the  2.  subseries  of  triplets,  where  n  =  2  is  the 
least  value  for  which  the  formula  will  produce  a  positive  frequency  number, 
which  can  still  be  brought  about  by  altering  the  value  of  jx  by  the  appropriate 

li  Rydberg,  Svenska  vetensk.  Akad.  Haadi.  23.  N'r.  11.  p.  59. 
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integer.  Then,  the  formulas  for  the  main  series  are: 

A-Dji--t.-- 

where  n  runs  through  the  values  1,  2,  3,  ...  and  where,  according  Rydberg, 

(1  =  B{\  -  .7 

(2»  -i  =  -Zf  'V1  —  '<;--‘ 

should  be  true.  Then  one  should,  according  to  Rydberg,  be  able  to  represent 

the  frequency  numbers  of  the  2.  subseries  by  the  formula: 

B  .’(1  c.t)~-  —  {.i  -f-  «)--], 

and  those  of  the  main  series  by  the  formula: 

5[(1  +  a)-*  -  ••(«  *r 

At  the  same  time,  according  to  Rydberg,  the  intensity  relationships  of  the 
three  components  should  be  the  same  for  &=  1,  2,  3.  From  formula  (1)  follows 
that  the  strongest  and  the  weakest  components  in  the  main  series  should  be  the 
reverse  of  those  in  the  subseries.  Since  '•  —  “'which,  according  to  (1)  ought 
to  be  proportional  to  A<*  ,  increases  with  increasing  oc  and  therefore  ~  — 

decreases  with  increasing  Gt.  In  the  triplets  of  the  main  series  of  oxygen, 
therefore,  the  strongest  line  ought  to  have  the  largest  frequency  number  and 
the  weakest  line  should  have  the  smallest  number.  Furthermore,  the  first 
triplet  of  the  main  series  (n  =  1)  must  give  us  the  same  frequency  differences 
as  the  triplets  of  the  subseries,  while  the  subsequent  triplets  rapidly 
converge. 

Accordingly,  the  first  two  triplets  of  the  main  series  should  have  the 
following  frequency  numbers: 

strongest  component 

middle  component  >.•:?  cssr:.;* 

weakest  component  isv3~.*;i  - • 

After  larger  frequency  numbers  there  are  in  fact  two  strong  triplets  of  the 
expected  structure,  i.  e.  the  strong  red  triplet  at  the  wavelength  777  and 
the  strong  triplet  at  3947.  These  give  the  following  frequency  differences: 


strongest  component  -j.: 
middle  component  1r3r.24.ii 

weakest  component 

The  frequency  differences  for  these  observed  triplets  fit  the  calculated 
values  so  well  that  any  difference  between  them  can  be  assigned  to  normal 
observational  error.  In  the  case  of  the  red  triplet,  the  distance  between 
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the  two  weaker  components  might  easily  have  been  judged  too  large,  since 
they  were  only  visible  separately  when  observed  with  the  narrow  aperture, 
which  produces  a  reduced  brightness  making  accurate  measurement  difficult. 

The  center  of  these  two  weaker  components  should  be  more  amenable  to  accurate 
measurements  against  the  stronger  component,  since  this  difference  could  be 
measured  at  the  larger  aperture.  In  fact  this  distance  as  observed  matches 
the  calculated  value  quite  exactly.  The  distances  between  the  lines  of  the 
second  triplet  which  could  be  photographed  in  the  second  order  with  the 
larger  grid  were  also  exactly  as  calculated.  Therefore  we  unhesitatingly 
express  our  conviction  that  here  for  the  first  time  we  have  observed  a  main 
series  of  triplets,  and  that  Rydberg’s  link  between  the  main  series  and  the 
second  subseries  does  indeed  represent  a  certain  approximation  of  demonstrable 
facts,  as  far  as  oxygen  is  concerned.  Equation  (1)  appears  to  be  fulfilled 
more  exactly  in  this  case  than  equation  (2) .  which  is  also  the  case  for  the 
alkali  spectra.  The  content  of  equation  ii;  can  also  be  expressed  in  the 
following  manner:  A  —  .1^  =  A  —  3  1  -f-  - . 

or  in  values:  the  differences  of  tha  positions  from  which  the  main  series 
and  the  subseries  originate  equal  the  frequency  numbers  of  the  first  triplets 
of  the  main  series.  This  is  the  way  this  law  has  been  formulated  by  Schuster 
who  had  newly  discovered  it,  without  being  aware  of  Rydberg’s^  monograph.  It 
is  interesting  to  note  that  the  frequency  numbers  of  the  Fraunhofer  lines, 
which  appear  to  coincide  with  the  lines  of  the  first  triplet  of  the  main 
series,  give  the  calculated  differences  quite  exactly,  even  more  exactly 
than  do  the  oxygen  lines  measured  by  us.  According  to  figures  given  in  Higg's 
atlas  the  three  lines  show  frequency  differences  of  3.69  and  1.97,  while  the 
triplets  in  the  subseries  give  on  the  average  3.70  and  2.08.  The  second 
deviation  equals  a  difference  of  0.07  angstrom,  which  lies  well  within  the 
margin  of  observational  error.  This  confirms,  as  stated  above,  our  conviction 
that  the  Fraunhofer  lines  owe  their  origin  to  oxygen. 


The  conclusive  proof  that  the  triplets  at  777  and  3947  are  components 
of  the  main  series  will  come  only  when  subsequent  triplets  of  the  series  are 
observed.  The  next  triplet  should  total  0.09  angstrom  units  and 
lie  near  333^j  the  next  one  should  be  even  narrower  and  lie  oicse 


“c  3H7.  We  have  not  been  able  tc  locate  these  lines. 


1)  Rviibertj.  Nature  .>i.  o.  200. 
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It  is  nevertheless  possible  that  the  decrease  in  intensity,  which  is  even 
more  pronounced  in  the  main  series  than  in  the  subseries,  turns  so  severe  at 
this  point  that  the  lines  in  question  are  not  as  yet  detectable  with  our 
methods  of  exposure.  Of  the  lines  observed  3947  still  had  an  energy  great 
enough  so  that  we  would  have  expected  further  lines  even  given  our  methods 
of  exposure. 

Outside  of  the  triplet  series  there  are  two  other  series  of  lines  in  the 
oxygen  spectrum.  In  all  probability  all  of  these  lines  are  in  fact  narrow 
pairs;  the  four  brightest  appear  as  double  lines  on  our  exposures,  and  we 
were  able  to  measure  the  brightest  among  them  as  two  separate  lines.  In 
every  case  a  weaker  component  lies  on  the  side  of  lower  wavelengths.  It  is 
likely  that  the  difference  between  the  frequency  numbers  of  the  main  line 
and  both  of  its  components  is  identical  for  all  pairs;  but  we  cannot  say 
anything  definite  in  this  regard  and  are  forced  to  also  restrict  our 
calculations  to  the  main  lines. 
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in  wavelengths 
Weaker  Series: 
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Both  formulas  are  calculated  according  to  the  method  of  least  squares. 

In  which  all  frequency  numbers  are  assigned  the  same  weight.  This  also 
gives  the  higher  frequency  numbers  more  Importance  than  is  warranted  by  their 
accuracy,  but  Is  nonetheless  preferable  since  by  this  method  the  terminus  of 
the  series,  the  frequency  numbers  corresponding  to  n*oo,  can  be  determined 
with  greater  exactitude. 

Following  Rydberg's  formula,  we  obtain  for  the  same  series  the  formulas: 

■  21205.56  —  109366.7  i«  —  0.16190-- 
2UMl.ll  —  110X46.7  m  —  U.OlUifJ--' 

The  difference  as  compared  to  observed  values  is  Insignificant.  At  the  same 
time  one  must  say  In  favor  of  Rydberg's  formulation  once  again  that  his  first 
constants  for  both  series  as  well  as  the  second  constants  show  less  deviation 
than  those  in  the  formulations  of  Kayser  and  Runge. 


According  to  the  formulas,  the  two  series  originate  close  to  the  same 
point.  They  must  therefore  be  regarded  as  subseries.  Thus,  the  oxygen 
spectrum  has  two  sets  of  subseries.  It  seems  that  there  is  also  a  second 
main  series,  which  relates  to  the  second  pair  of  subseries  in  a  way  similar 
to  the  relationship  of  the  first  main  series  with  the  first  pair  of  subseries. 
If  we  take  the  formula  •_*!  •Ji.'.j.OO  — 


from  the  one  series, 

where 

and 


following  Rydberg's  law  deriving  from  it  the  formula 

A  —  100300,7  (/(  -r  <t)~: 

•21205,36  —  100306.7  (l  -f  <x,'  — 

A  «  109300.7  (2  -  0.16191;--. 


then  we  obtain  the  following  frequency  numbers  for  nal,  2,  3  : 

11165,10 

22148,96 

28375,15 

The  first  number  corresponds  to  a  wavelength  in  the  infrared  region,  in  which 
we  lack  measurements.  The  following  two  lines,  however,  are  not  markedly 
different  from  the  frequency  numbers  of  the  two  strong  lines  at  4368.466  and 
at  3692.586: 


22 1  1  8.1*6  20373. 15 

.23  2707S.’> 

7.  6 


calculated 

observed 

difference 
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In  the  case  of  the  first  main  series  the  calculated  values  for  820  and  947 
were  less  than  those  observed.  Therefore  it  is  not  impossible  that  we  have 
here  a  second  main  series,  although  we  did  not  succeed  in  finding  the 
subsequent  lines.  It  must  also  be  emphasized  that  the  frequency  numbers 
calculated  for  the  main  series  are  derived  from  the  frequency  numbers  of 
the  stronger  of  the  two  subseries,  whereas  according  to  Rydberg  the  weaker 
subseries  should  have  been  used. 

The  overview  of  the  six  series  given  in  the  illustration  at  the  end 
of  this  article  shows  great  similarities  with  the  six  series  in  the  spectrum 
of  Cleveite  gas.'*'  Two  subseries  each  and  the  main  series  belonging  to  them 
give  us  the  picture  of  an  alkali  spectrum.  In  our  work  on  Cleveite  gas  we 
spoke  about  our  feeling  that  it  was  composed  of  two  elements,  corresponding 
to  two  groups  of  three  series  each.  This  conclusion  must  now  be  rejected, 
since  the  same  reasoning  could  lead  one  to  conclude  that  oxygen  had  two 
separate  component  elements. 

§4.  THE  SERIES  SPECTRUM  OF  SULFUR 

Sulfur  exhibits  a  spectrum  analogous  to  the  compound  line  spectrum  of 
oxygen.  We  equipped  the  Geissler  tubes  with  a  bulb-shaped  end  which  we 
filled  with  concentrated  sulfuric  acid.  The  electrodes  consisted  of  thin 
platinum  plates  and  the  tube  remained  connected  to  the  U-shaped  tube 
described  above  for  the  generation  of  oxygen.  We  heated  the  sulfuric  acid 
in  the  bulb  until  it  vaporized  and  some  of  the  vapor  condensed  in  the 
capillary  part.  When  one  waited  until  the  water  vapor  produced  at  the  same 
time  was  mostly  absorbed,  while  running  a  stream  of  oxygen  through  the  tube 
at  the  same  time,  then  the  spectrum  described  below  appeared  right  afterwards 
Provided  the  tube  was  set  up  using  pure  materials  from  the  start,  this  was  a 
pure  spectrum,  aside  from  the  compound  line  spectrum  produced  by  the  oxygen. 
After  some  time  it  became  strongly  contaminated  by  the  second  oxygen  spectrum 
probably  due  to  contamination  of  the  sulfuric  acid  with  organic  compounds. 

The  principal  lines  of  the  new  spectrum  also  showed  up  when  sulfur  was  heated 
in  the  tube  and  oxygen  was  introduced;  secondly,  when  sulfuric  acid  was 
introduced.  In  both  of  these  cases  the  band  spectrumdominates,  and  it  seems 
that  the  new  spectrum  is  only  produced  in  the  presence  of  oxygen. 

1)  C.  Uun-e  u.  F.  Paschen,  Astrophysics!  Jouru.  Jan.  1'96. 
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It  It  btsc  prtatrvtd  with  sulfuric  acid  and  avan  than  it  improves  in  an 
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KEY  TO  THE  TABLE? 

a  wavalangth 
b_  mean  error 
£  no.  of  observations 
d_  intensity 
e  remarks 

i_  intervals  of  these  three 
lines  were  measured  with 
the  larger  grid  and  are 
.ouch  more  precise  than 
the  wavelengths. 

£  the  same  Is  true  for 
these  lines. 

this  line  coincides  with 
an  impurity,  possibly 
stemming  from  oxygen, 
i^  this  weak  line  could 
only  be  determined  to 
ca.  2  angstrom  units. 


I  Die**  sciiwncii?  Unto  kounte  uur 
A  uut'  <*:wu  2  ingitr.'jm  L'-?miu  be* 
*”  itimnit  werden. 
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§5.  THE  SERIES  OF  THE  SULFUR  SPECTRUM 


The  greater  part  of  the  lines  listed  here  form  two  series  of  triplets, 
which  show  many  analogs  to  those  of  the  oxygen  spectrum.  The  differences 
of  the  frequency  numbers  of  the  three  components  of  each  triplet  are  once 
again  identical  for  all  triplets,  insofar  as  our  observations  allow 
such  conclusions: 
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KEY  TO  THE  TABLE: 

a  observed  wavelength 
Is  frequency  number 
jc  difference 
_d  remarks 

third  component  was 
not  observed 


5295,  SO  1 91577,50 

52*0,89  18805,24 

5287,98  ,  18908,00 


Th«  mean  values  for  the  frequency  differences  are  18.15  and  11.13, 
when  weighting  is  taken  into  account.  One  can  now  adjust  the  three 
components  of  each  triplet  by  weighting  them  so  that  the  frequency 
differences  18.15  and  11.13  obtain  while  the  center  of  gravity  of  each 
triplet  remains  at  the  same  point.  The  corrected  frequency  numbers  are 
given  in  column  two  of  the  following  table: 
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1)  Concerning  the  mean  error,  the  observations  regarding  the  oxygen  spectrum 
are  also  in  order  here.  Given  the  small  number  of  measurements,  the 
exactitude  of  a  wavelength  is  to  be  judged  less  by  the  individual  mean 
errors  than  by  the  mean  error  taken  as^  whole. 
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As  is  shown  by  the  illustration  at  the  end  of  this  article,  the  triplets 
can  be  arranged  in  two  series,  which  decrease  in  intensity  as  the  frequency 
numbers  increase,  and  originate  at  the  same  point.  In  other  words,  they 
have  the  characteristics  of  subseries.  We  have  observed  six  triplets  of 
the  stronger  of  the  two  series,  which  we  call  the  1.  subseries,  while  we 
have  found  only  four  of  the  weaker  series,  which  v?e  call  the  2.  subseries. 

The  frequency  numbers  can  once  again  be  represented  by  a  formula: 

.  i  .  -  ■ 

where  the  constant  B  has  approximately  the  same  value  as  in  all  other  series. 
In  the  following,  the  values  of  the  formulas  are  compared  with  our  observed 
values .  ~ 

The  formula  is  calculated  in  such  a  way  that 
it  corresponds  most  closely  to  the  frequency 
numbers  corrected  to  the  constant  frequency 
difference  by  the  method  of  least  squares.  All 
frequency  numbers  are  assigned  equal  weight  at 
the  same  time. 


M 


ILLUSTRATION  3. 

Sulfur  triplet: 
4694.4/4695.7/4696.5 
Exposure  made  using 
the  large  grid  (enlarged) 


The  formulas  are  derived  from  the 
frequency  numbers  of  the  first  three  triplets, 
corrected  to  identical  frequency  differences, 
without  equalization.  Inclusion  of  the  fourth 
triplet  would  alter  nothing  in  our  calculations. 

The  formulas  of  the  two  series  show  by  the  close  correspondence  of  their 
first  constants  that  the  two  series  originate  very  close  to  the  same  point. 

For  smaller  values  of  n  the  formula  of  the  first  series  gives  us  two 
more  triplets  which  fall  in  the  infrared  range,  where  we  made  no  observations. 
The  formula  for  the  second  series  also  gives  us  two  more  triplets,  of  which 
one  should  lie  around  770  and  thus  should  be  still  barely  visible.  We  have 
searched  for  it  but  could  not  discover  it.  At  that  it  is  quite  possible 
that  the  lines  escaped  us  due  to  the  smaller  intensity  of  the  second  series 
and  the  decreased  sensitivity  of  the  eye  in  this  range  of  the  spectrum. 
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By  analogy  with  the  oxygen  spectrum,  one  would  expect  an  additional 
main  series  of  triplets,  in  which  the  frequency  differences  do  noc  remain 
constant  but  draw  closer  together  from  triplet  to  triplets  as  the  frequency 
numbers  increase.  In  this,  according  to  Rydberg's  law,  the  strongest 
component  would  have  the  smallest  frequency  number  in  each  triplet,  the 
reverse  of  the  situation  in  the  subseries.  -  According  to  Rydberg  the  formula 
of  this  series  could  be  calculated  from  that  of  the  2.  subseries,  in  the 
manner  indicated  above  for  the  oxygen  spectrum.  In  Rydberg's  formulation, 
the  formula  for  the  frequency  numbers  of  the  2.  subseries  is: 

strongest  line:  ‘*>T —  .'.u'O-jO .  ~  •’ 
middle  line  :  •.wjT.iv  —  /i  — 

weakest  line  :  :><»  —  ’ 

From  this  we  derive  the  formula  for  the  main  series: 


strongest  line: 

middle  line  :  ‘-0515,54  —  ^•"-‘•471--’ 

weakest  line  :  *95io,5*>  i//  t 


For  n*2  the  triplet  falls  in  the  infrared  range,  but  for  n-3  we  get  the 


frequency  numbers: 

‘  strongest  line 
middle  line 
weakest  line 


difference 
19630,05  i 
19662,34  j  'J 
19^70,05  I  3,79 


With  the  oxygen  spectrum  the  numbers  so  calculated  give  only  a  rough 
approximation  of  the  actual  values.  Only  their  differences  corresponded 
well  with  the  differences  of  the  actual  values.  The  actual  frequency 
numbers  were  considerably  larger.  If  we  suspect  a  similar  case  here,  it 
is  not  improbable  that  the  strong  triplet  at  wavelength  469  belongs  to  the 
main  series.  It  is  true  that  the  frequency  numbers  exceed  the  calculated 
values  by  even  more  than  in  the  case  of  the  corresponding  oxygen  line-j,  yet 
the  frequency  differences  fit  the  calculated  values  quite  well. 

Wavelength  Frequency  no.  Difference 


strongest  line 
middle  line 
weakest  line 
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Rydberg's  derivation  of  the  formula  for  the  main  series  contains 
two  assumptions,  as  explained  above,  and  these  can  be  regarded  separately, 
the  first  contains  only  a  rough  approximation  of  actual  data.  The  other  one 
is  well  demonstrated  in  other  spectra  as  well,  and  can  be  stated  as  follows: 
the  difference  between  the  frequency  numbers  of  the  ends  of  the  main  and 
subseries  equals  the  frequency  numbers  of  the  first  member  of  the  main 
series.  If  one  considers  this  assumption  by  itself,  then  one  has  a  constant 
for  the  determination  of  the  main  series  formula  and  one  can  use  observed 
values  to  calculate  the  formula: 

frequency  number  of  the  strongest  line 
frequency  number  of  the  middle  line 
frequency  number  of  the  weakest  line 

These  formulas  now  give  for  the  following  value  of  n  tie  wavelengths  (in  air): 

2-MJM 

Ijis.JO 

3‘j50.25 

which  we  were  no  more  able  to  observe  than  the  corresponding  lines  of  the 
oxygen  spectrum.  The  intensity  in  the  main  series  must  therefore  also  be 
decreasing  rapidly  at  higher  frequency  numbers,  if  this  assumption  regarding 
the  main  series  is  correct. 

We  think  it  quite  probable  that  the  sulfur  spectrum  also  has  analogs 
for  the  other  three  series  of  the  oxygen  spectrum.  At  the  same  time  we  did 
not  succeed  in  demonstrating  their  existence.  The  strong  triple  line  at 
5279  possibly  corresponds  with  the  strong  oxygen  line  at  4368.  This  would 
then  have  to  be  a  narrow  triplet,  so  narrow  that  it  would  be  very  difficult 
to  separate  the  components.  Then  the  two  subseries  belonging  to  4368  would 
also  have  to  consist  of  triplets.  A  comparison  of  the  frequency  differences 
of  the  other  oxygen-  and  sulfur-triplets  shows,  in  fact,  that  the  frequency 
differences  of  3.70  and  2.08  with  oxygen  increase  to  18.15  and  11.13  with 
sulfur,  that  is  by  a  ratio  of  1  to  5.  With  the  alkalis  the  frequency 
difference  increases  from  element  to  element  proportional  to  the  square  of 
the  atomic  weights.  Here  the  increase  is  somewhat  more  pronounced,  since 
the  squares  of  the  atomic  weights  of  oxygen  and  sulfur  are  in  the  proportion 
1  to  4. 
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§  6.  THE  series  spectrum  of  selenium 


Selenium  also  has  a  spectrum  analogous  to  the  compound  line  spectrum 
of  oxygen.  If  one  puts  selenic  acid  instead  of  concentrated  sulfuric  acid^ 
into  the  bulb  of  the  Geissler  tube,  treating  it  in  the  manner  described  on 
p.  669  above  [p.  26  of  the  translation] ,  the  series  spectrum  of  selenium 
appears.  The  selenic  acid  must  be  heated  to  a  somewhat  higher  temperature 
than  the  sulfuric  acid  before  the  vapor  begins  to  condense  in  the  capillaries 
and  the  spectrum  becomes  bright.  On  the  other  hand,  the  spectrum  remains 
good  for  a  longer  period  than  that  of  sulfur.  As  with  the  generation  of  a 
sulfur  spectrum,  the  presence  of  an  oxygen  atmosphere  appears  to  favor  the 
generation  of  a  selenium  spectrum.  Again  as  with  oxygen  and  sulfur,  the 
lines  of  the  selenium  spark  spectrum  can  be  seen  at  the  same  time.  We  were 
able  to  observe  many,  though  not  all,  of  the  lines  of  the  selenium  spark 
spectrum  described  by  Pllicker  and  Hittorf.  These  are  not  listed  in  the  table 
below.  Our  primary  concern  was  that  selenium  spectrum  to  which  the  triplets 
belong.  Only  this  latter  spectrum  was  visible  from  time  to  time,  along  with 
the  lines  of  oxygen  and  hydrogen.  But  we  did  not  retain  the  tubes  in  chis 
state  for  any  length  of  time.  Therefore  we  did  not  obtain  a  pure  spectrum 
on  our  photographs,  which  needed  a  longer  exposure  due  to  the  lesser 
intensity.  Among  the  red  lines  we  were  only  able  to  measure  the  stronger 
ones.  Only  these  are  listed  in  our  table,  along  with  some  weaker  lines  lying 
next  to  the  measured  lines,  which  latter  could  then  be  estimated  without  a 
micrometric  measurement. 


*^We  concentrated  the  commercially  obtained  dilute  selenic  acid  by  careful 
evaporation  until  it  no  longer  gave  off  water  vapor  in  a  vacuum. 
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It  is  not  beyond  Che  range  of  possibility  chat  some  of  che  weaker  among 
Che  lines  listed  here  belong  Co  Che  spark  spectrum.  Nevertheless,  che  greater 
part  forms  a  series  spectrum  of  triplets  that  do  not  appear  in  the  spark 
spectrum,  one  that  is  analogous  to  both  of  the  described  spectra  of  sulfur 
and  oxygen. 


The  constants  of  the  differences  between  the  frequency  numbers  of  the 
triplets  lines  cannot  be  demonstrated  as  clearly  with  selenium  as  with  the 
elements  of  lesser  atomic  weight.  It  appears  that  the  components  of  these 
triplets  are  accompanied  in  part  by  weak  companions,  and  that  these  and  not 
the  principal  lines  give  us  the  constant  frequency  differences.  Similar 
features  have  been  observed  with  the  1.  subseries  of  calcium,  strontium,  zinc, 
cadmium,  and  mercury.  These  weak  companions  are,  however,  easy  to  miss  and 
cannot  be  measured  accurately.  Therefore  we  would  like  to  avoid  the  ready 
conclusion  from  the  deviations  from  the  constant  frequency  difference,  which 
would  suggest  that  the  complete  and  exact  measurement  of  of  the  weaker 


components  would  not  result  in  a  constant  here  also. 
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KEY  TO  THE  TABLE: 

a  wavelength 
_b  frequency  number 
c  differences 
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KEY  TO  THE  TABLE: 


I700.VU 

17KVU4 

17154.10 

j  44*;- 

i  >7.w.u 

•.7375.0U 

*  ••  V'  -M 
i  t* 

1737!U' 

(  7 1 100.41 

l  J7i$.:> 

174X2.33 

j  i  1 102.75 

1 

1 7-tSU.O" 

’  103.  lU 

t  5705.5 

i75us.i5 

44.20 

1  ,\T  0$."' 

17.V27.Un 

J 

wavelenegth 
frequency  number 
differences 


It  is  not  practicable  to  correct  the  numbers  to  equal  frequency 
differences,  as  was  done  with  the  oxygen-  and  sulfur-triplets,  since  with 
the  weak  companions  one  never  knows  which  line  should  be  adjusted  and  how. 
All  the  same  one  can  become  convinced  that  the  triplets  form  two  series. 

In  the  illustration  at  the  end  of  this  article  they  are  graphed,  where,  due 
to  the  small  scale  employed,  the  weak  companions  are  not  indicated.  The 
dotted  lines  are  not  as  observed,  but  drawn  to  better  show  the  symmetry  with 
the  other  lines. 


In  order  to  show  that  both  series  can  be  represented  by  formulas,  which 
show  all  the  characteristics  of  series  formulas,  it  is  enough  to  take  one  line 
from  each  triplet.  With  triplets  that  do  not  show  companions  we  chose  the 
longest  wavelength,  with  the  others  the  companion  having  the  longest  wavelength 
since  it  seems  that  the  companions  are  the  ones  that  give  a  constant  frequency 
difference.  Because  of  the  uncertainty  concerning  the  companions,  the  formulas 
are  not  equalized. 

The  frequency  number  that  is  the  third  from  the  last,  17794.91,  matches 
the  wavelength  56l8.05*  The  other  two  components  of  the  triplet  should  be 

^  The  third  line  was  not  observed. 
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KEY  TO  THE  TABLES; 
a  first  (stronger)  triplet 

b.  frequency  number 

c.  calculated  frequency  no. 
_d  observed  frequency  no. 

£  difference 
_f  remark 

£  used  for  computing  the 
constants 

h  second  (weaker)  triplet 


still  strong  enough  in  order  to  be  noticeable,  but  they  fall  into  one  of  the 
green  oxygen  bands.  Presumably  5618.05  also  has  a  weak  companion  of  smaller 
wavelength.  That  would  explain  the  unsystematic  deviation  of  this  line  from 
the  formula.  The  last  frequency  number  belongs  to  the  wavelength  5464.82. 
here  the  other  two  components  of  the  triplet  could  no  longer  be  observed. 

The  line  5416.94  (intensity  1)  frequency  number  18455.57  (observed  once) 
also  belongs  perhaps  to  the  subsequent  triplets,  since  calculation  gives  us 
a  frequency  number  18455.72.  The  line  could  also  be  due  to  contamination, 
however. 


The  two  series  of  lines  falling  into  the  infrared  range  correspond  to 
the  smaller  values  of  n,  for  which  we  have  no  observed  values. 

In  order  to  search  for  a  main  series  in  the  selenium  spectrum,  we  have 

calculated  the  2.  subseries  accordine  to  Rvdbera’s  formula: 

Frequency  number  ■  r»2>«.76  =  c 

If  one  assumes  that  the  frequency  differences  of  two  neighboring 

components  of  a  triplet  are  in  the  mean  at  103.71  and  44.55,  then  the  other 

two  components  can  be  represented  by  the  following  formula: 
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! 7  -  11 19*13.9 ±  n.yo.iii.i- J 
l I'  Kl'i.U’J  —  1 1 1  •  \n  ‘t.OH.S, 


From  this,  according  to  Rydberg,  one  can  find  the  formulas  for  the  main 


series: 


:  1 1  i.  • 


where  •*..  are  to  be  determined  in  such  a  manner  that  the  second  terminus 

equal  to  the  termini  19286.76,  19390.47,  and  19435.02 
becomes  the  formula  for  the  2.  subseries. 


In  this  manner  one  obtains  the  formulas: 


strongest  line:  frequency  number* 
middle  line  :  frequency  number*  27S3:...- 
weakest  line  :  frequency  number* 


For  n=2  we  get  wavelengths  falling  in  the  infrared  range.  For  n*3, 
on  the  other  hand,  we  obtain  the  frequency  numbers: 

difference 

strongest  line: 
middle  line: 
weakest  line:  - 

The  numbers  so  calculated  represent  a  very  rough  approximation  in  the 
cases  of  oxygen  and  sulfur.  Only  their  differences  gave  a  good  correspondence 
with  actual  values.  Actual  frequency  numbers  were  substantially  higher.  Thus 
it  seems  very  probable  that  the  strong  triplet  at  474  belongs  to  main  series. 
We  have  here:  KEY: 

£  strongest  line 


d.  Wcllenlilugc  e  Schwinaungsiuhl 

Differon*  £ 

b 

middle  line 

a 

15 

St&rkste  Linie;  4731,02 

Mittlere  „  :  4739,23 

21131,19 

21094,42 

J  30,77  ~ 

J  14,37 

Z 

weakest  line 

£ 

Schw&chtte  „  :  4742,52 

210*0,05 

d 

wavelength 

£  frequency  number 
f.  difference 

The  frequency  differences  and  the  relative  intensities  fit  the  laws  of 
Rydberg.  The  strongest  component,  which  has  the  greatest  wavelength  in  the 
subseries,  here  has  become  the  shortest  and  the  weakest  has  become  the 
longest. 
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This  is  still  not  a  sufficient  final  proof  for  the  existence  of  a  main 
series,  since  for  that  one  would  have  to  observe  the  other  members  of  that 
series.  One  would  expect  the  next  member  at  ca.  400,  and  the  intervals  of 
the  wavelengths  should  be  at  ca.  2.7  and  1.2  angstroms.  We  have  not  been 
able  to  observe  this  triplet.  Thus,  if  the  supposition  regarding  a  main 
series  is  correct,  the  intensities  would  have  to  fall  extraordinarily  fast 
from  memebr  to  member,  otherwise  the  next  member  could  not  escape  detection. 

We  can  say  nothing  definite  about  whether  the  strong  selenium  triplet 
at  537  is  in  fact  an  analog  of  the  strong  oxygen  line  4368  and  the  sulfur 
triplet  at  528.  It  appears  likely,  given  the  general  dirtribution  of  the 
data,  as  shown  in  the  illustration  at  the  end  of  this  article.  Yet,  we  would 
expect  smaller  frequency  differences.  Also  their  relative  position  shows  no 
similarities  with  the  components  of  the  sulfur  triplet  at  528. 

The  frequency  differences  in  the  triplets  of 
the  subseries  behave  in  relation  to  those  of 
oxygen  and  sulfur,  roughly  speaking,  as  do  the 
squares  of  their  respective  atomic  weights. 

KEY  TO  THE  TABLE: 

,  l 

a  frequency  difference  :  1 

b.  atomic  weight  ILLUSTRATION  4. 

£  square  of  the  atomic  weight  divided  by  Selenium  triplet: 

the  frequency  difference  4731  /  4739  /  4742 

a  —  —  exposure  using  large  grid 

0  3,70  uml  2,'JS  »t>  60  uml  123 

S  li.io  „  11,13  32,06  •>;  02  (enlarged) 

Se  103,7  „  44.07  70,07  60  „  140 

Similar  has  been  observed  regarding  the  line  pairs-  in  the  spectra  of 

the  alkalis,  and  in  the  triplets  of  the  spectra  of  magnesium,  strontium, 
calcium,  and  of  zinc,  cadmium,  and  mercury. 

At  the  same  time  there  is  a  regularity  in  that  the  series  as  a  whole 
of  0,  S,  and  Se  move  towards  the  side  of  lower  frequency  numbers  with 
the  increase  in  atomic  weights,  a  fact  also  observed  in  the  series  spectra 
of  other  chemically  related  elements. 
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Thus  it  is  shown  that  oxygen,  sulfur,  and  selenium  all  three  have  an 
analogous  spectrum,  for  which  we  have  used  the  name  "series  spectrum,"  in 
place  of  the  name  "compound  line  spectrum"  used  by  Schuster. 

We  have  also  attempted  to  produce  the  spectrum  of  tellurium  in  the 
Geissler  tubes.  Following  the  analogy  with  the  circumstances  in  which 
the  series  spectra  of  sulfur  and  selenium  appear,  we  placed  telluric  acid, 
which  Professor  Seubert  was  kind  enough  to  prepare  for  us,  in  the  bulbous 
end  of  the  Geissler  tube.  We  treated  it  just  as  we  treated  3elenic  acid 
and  sulfuric  acid,  but  it  soon  became  clear  that  the  temperatures  to  which 
one  can  subject  an  ordinary  glass  tube  (ca.  500°C)  are  not  sufficient  to 
vaporize  telluric  acid  to  the  point  that  it  would  condense  in  the 
capillaries.  We  observed  no  tellurium  lines  in  this  attempt. 


t'i?.  5. 


KEY  TO  ILLUSTRATION: 
a  wavelength 
_b  frequency  number 
£  main  series 
ji  1.  subseries, 
e  2.  subseries 
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